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INVESTIGATIONOF 16-INCHIMPULSE-TYPESUPERSONICCOMPRl?SSOR

WITHROTORTURNINGPASTAXIALDIIWCTION

By JohnJ.Jacklitch,Jr., andMelvinJ.Hsrtmann

sm4wiRY

A 16-inchimpulse-typesupersonic-compressorrotorexperimentally
investigatedas a sepszatecomponentobtaineda maximumtotal-pressure
ratioof 5.42andanadiabaticefficiencyof0.76at101-percentdesign
speed.Therotorcouldbe operatedovera widerangeofbackpressures;
however,itdidnotobtainthedesigni~ulsecondition.Atpartly
closedthrottlepoints,therotorwasableto effecta reductioninequiv-
alentweightflowandtotal-pressureratio.Thisdecreaseintotal-
pressureratiowithticreasedbackpressureisa characteristicof a
rotorwithturningpasttheaxialdirection.

Therotordidnotoperateat eitheritsmaximumtotal-pressureratio
or adiabaticefficiency,orboth,foranyrotationalspeedwhenthedif-
fusingstatorswereinstalled.Thestatorslimitedtheweightflowto
verylowvaluesat thelowerrotationalspeeds.Thestagetotal-pressure
ratiowas3.3,andthestageadiabaticefficiencywas0.51whenthedis-
chargeMachnmiberwasreducedto about0.61at 101-percentdesi~ speed.

A setofflat-plate,constant-areastatorsinstalledbetweenthe
rotoranddiffusingstatorsmadetherotoroperateneareritshighest
performancepoint.However,thelossesinthestatorsincreasedwith
thehigherstator-entranceMachnunibersjandthestageperformancewas
notimproved.

Peaktotal-pressurerecoveryofthestatorsdecreasedrapidlyasthe
enteringMachnumiberwasincreased.Thehighloadingattherotordis-
chsrgemayresultina considerableseparatedregionontherotor,and
thispoorentranceconditionqrobablycontributedto thepoorperformance
ofthediffusingstators.

-ODUCTION

Analyticalinvestigationofthevectordiagramsof supersoniccom-
pressors(ref.1)hasillustratedthehightheoreticaltital-pressure
ratiooftheimpulse-typesupersoniccoqmessor.Thiscompressorrotor
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hasapproximatelythesamerelativeentranceandexitMachnunibersat
themeanradius.Theproblemsof designandoperationinthelow-
pressure-ratiorange(rotorturningto lessthanaxial)we discussed
inreference2,whichreportsan impulse-typecompressorrotoroperated
witha total-pressureratioof 3.6andan adiabaticefficiencyof0.80.
Increasingtheturningintherotorpassagesothattherelativeflow
directionisaxialorbeyondresultsinhighertheoreticaltotal-press&e
ratios(ref.1).

Therotorincorporatingturningto lessthanaxialexhibitsa con-
ventionalperformancecharacteristic,havingan increasingworkinput
withincreasingbackpressure.However,forthecaseofrotordischarg-
ingpastaxial,theworkinputwilldecreasewithincreasingbackpres-
sure.Theunusualrequirementofreducingbackpressureto increasethe
pressureratiothenresults,andthequestionarisesastotheopera-
tionalcharacteristicsandstabilityof a rotorofthistype. To inves-
tigatethecharacteristicsofa rotordischargingpastaxial,therotor
diskofreference2 wasrebladed.Thehubtidtipcontoursweremain-
tainedandresultedina dischargeangleof,about10°turnpastaxialto
obtainnesrlyequalflowareasatentranceandexittotherotor.

Testswerealsocsrriedoutto determinetheeffectof downstream
statorsontheoperationalcharacteristicsofthiscompressortypeas a
completestage.Theperformanceobtainedfortherotorcomponentand
stageinvestigationsisnotconsideredgoodbut ismresentedto illust-
rate theproblems
compressor.

Thefollowing

tobe encounteredwi~htheimpul~e-typesupersonic

SYMBOLS

synbolsareusedinthisreport:

M absoluteMachnumiber,ratioof
velocityof sound

M’ relativeMachnumber,ratioof
to localvelocityof sound

absolutefluid

fluidvelocity

N ratioofcompressorspeedatpointto average
ofpointsatgivenspeedrange :

P totalor stagnationabsolutepressure,lb/sqft

P staticor streampressure,lb/sqft

r radius,ft

velocityto local

relativetorotor

compressorsyeed_
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totalor stagnationtemperature,%

velocityofrotor,ft/sec

weightflow,lb/see

distmcealongaxisofmachine,in.

anglebetweencompressoraxisandabsolutefluiddirection,deg

ratioof actualinlettotalpressureto standsrdsea-levelpres-
sure,P~2116

adiabaticefficiency

ratioofactualinletstagnationtemperatureto standardsea-level
temperature,T~518.6

Sribscripts:

Jd
0

m meanradius
$
d t tip. .
A
v u compressorrotorcomponent

z componentinsxialdirection
●

e componentintangentialdirection

. 1 entrance-tankinstrumentstation

2 instrumentstationbetweenrotorandstator

3 instrumentstationabout8 in.behindrotororbehindstators

APPARATUS

Thevsriable-componenttestrigusedinthisinvestigationwasthe
sameasthatdescribedinreferences2 and3 andis shownschematically
infigure1. IYeon-12(dichlorodifluoromethane)wasusedasthetest
medium.

.

RotorDesign
.

Therotorwasdesignedto useasmany
pressoraspractical.Withsxialentrance

componentsoftheoriginalcom-
flow(noguidevanes)thehti
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andtipcantoursofthepreviousdesign(ref.2)required10oturning
pasttheaxialdirectionintherotorpassageto maintaintherelative
rotorentranceanddischargeareasapproximatelyequal.Thisrequire-
mentresultedina mean-radiusrotor.passageturningof 72°andanabso-
lutedischargeMachnumberof 2.11forwhichthevectordiagramisshown
infigure2. Thenumberofcompressorrotorblades,thebladebase,and
theattachmentwereallretainedfromthepreviousdesignsothatthe
originalrotorcouldbe rebladed.

Theaerodynamicdesignwaslimitedbythemechanicaldesignofthe
previouscompressor.Thehubandtipcontcmrsweresuchthatthemean
radiusremainedessentiallyconstant.A meanbladecamberlinewaslaid
outalongthismeanradiusto obtainthedesiredturningwitha minimum
amountofthebladeoverhangingthebase. A suitablethicknessdistri-
butionwasappliedtothisbladecamberline.Theblade-surfacepressme _
distributionwasdeterminedatthemeanradiusby consideringcontinuity
andtheconditionofabsoluteirrotationalflowwithoutlossesina
mannersimilartothatofreference4. Thecsmberlinewasadjustedto
improvetheblade-surfacepressuredistributionuntilmechanicallimita-
tionsimposedby thepreviousdesignpreventedfurtheradjustment.The
ad~ustedmean-radiusblade-surfacepressure_distributionindicatesthat
thelatterpartofthebladeisratherheav~lyloaded,as showninfig-
ure3. Thisblade-surfacepressuredistributionisnotdesirable;
however,attemptsto incorporateincreasedturning(orloading)atthe
forwardsectionresultedina prohibitiveoverhangofthebladetrailing
edge.Radialelementswereusedto determtiethebladecaniberlineat
allotherradii.Thebladecontourswereobtainedat threeradiiby
applyingthesamethicknessdistributionas.usedforthemeanradiusto
thesebladecsmiberlines.Thehubandtipcontoursandthebladeshapes .
forthis16-inchimpulse-typesupersonic-compressorrotorareshownin
figure4. A photographofthiscompressorrotoris showninfigure5.

StatorDesign

A setof convergent-divergentstatorswasdesignedfortheopen-
throttledischargeconditionsmeasuredfrom,.thissupersonic-compressor
rotor.Thesestatorsweredesignedfora meanentranceMachnuuiberof
about1.8. Thecontractionratio(two-dimensional)wassetat1.14to
allowstartingbelowdesignspeed.A normalshockwasconsideredto
existat thepassagethroat.Thethroatwaslocated37percentofthe-
mean-radiusdiffuser-passagewidthbehindtheleadingedgeonthepres-
suresurfaceandwasof constantsreaforapproximatelythesamelength
alongtheblade.Thesubsonicportionofthebladepassagedivergedso
thaton anareabasisitwasequivalentto a conewithan8° included
angleandwasdesignedtoremoveallbut10°ofthewhirl.
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Theblade
straightlines

wasdesignedat twostations,
werefairedbetweenthesetwo

stator-entranceflowanglesandMachnumbers
componentinvestigation.A 12°leading-edge

5

thehtiandthetip,and
sections.Approximate
wereknownfromtherotor-
wedgesmgl.ewasused,and

thebladewassoorientedthattheflowwasconsideredto enterparallel
tothesuctionsurface.Thepassageheightwas1.02inches.A chord
lengthof ~ inchesandthe30bladesrestitina mean-radiussolidity
of 3.70. The bladesectionssreshowninfigure6 andwereinstalledin
thetestrigas shownschematicallyinfigure1.

Fora psrtofthisinvestigation,a setof 30 constant-areastators
wasinstalledbetweentherotorandthediffusingstatorstoyrotectthe
rotorfromthestatic-pressurebuild-upinthediffusingstator.These
statorbladeswereflatplatesof 0.090-inchthicknesswiththeleading
andtrailingedgessharpenedto a 12°wedge.Theflatplateswere
twistedto theapproximatemeasuredflow-angledistributionat therotor
dischsrgeandsetto givea veryslightexpansionoftheflowforthe
open-throttlerotorcondition.

PROCEDURE

ThecompressorwastestedinFreon-12withthewheelspeedadjusted
sothattherelativeentranceMachntier atthemeanradiuswasthe
sameforairandforFreon-12.Theentrancevectordiagramat the~an
radiusforairandFreon-12is showninfigure7. Theperformanceof
thisimpulse-typesupersonic-compressorrotoras a separatecomponent
wasdeterminedovera rangeofbackpressuresfromopenthrottleto
audiblesurgeat sevenwheelspeedsrangingfrom107-to 54-percent
designspeed.Thesamecomputationalprocedureas describedinrefer-
ence2 wasused. Theinstrumentationwassimilarto thatofrefer-
ence3,withtheapplicablesurveystationsrenumberedas showninfig-
ure1.

Theover-allperformancewasobtainedbyusingthemeasureddata
at stations1 and3. Theaveragetotalpressureat station3 wasobtained
by 15 shieldedtotal-pressureprobessrrangedto obtainan area-averaged
totalpressure.Theaveragetotaltemperaturewasmeasuredby two3-point
dmible-shieldedthermocouplerakes.Theseinstrumentsme insensitive
towidevariationsinflowangle,sothatthecorrectreadingswere
obtainedby settingtheinstrumentsattheaverageflowangle.The
staticpressurewasmeasuredby statictapsontheinnerandouterwalls.
Conesurveyinstrumentswereusedat stations.2and3 tomeasuretotalL andstaticpressuresandflowangle.Thedatafromthesesurveyinstru-
mentscouldnotbe obtainedat allpoints(becauseofmechanicaltrotile
withtheprobesandtheactuators),andtheavailabledatawereincon-
sistent.Therefore,theeffectiveaverageflowangleat station3 was
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calculatedfromcentinuity withthemeasuredweightflowandMachnumber.
(Thiscomputationdidnotallowfora passageboundarylayer.)

.

Thediffusingstatorswereinstalledabout2.9inchesbehindthe
compressorrotor.Theinstrumentationwassimilarto thatusedinref-
erence3. Dataforthestageoperationwereobtainedina mannersimi-
lartothoseoftherotorcomponent.Theconstant-areastators,used
fora portionofthisinvestigation,wereinstalledW thespacebetween
therotorandthediffusingstators.

RESULTSANDDISCUSSION

Rotor-CoxponentInvestigation

Performance.- Thetotal-pressureratiomeasuredatthedownstream
instrumentstationP3/Pl is showninfigure8. At 101-percentdesign
equivalentspeed,a maximumtotal-pressureratioof 5.42wasobtained
at anequivalentweightflowof47.3poundsyer secondofFreon-12.At
thisrotationalspeed,thetotal-pressureratiocouldbe reducedto
about4.35withouta changeinequivalentweightflow. However,asthe
total-pressureratioisreducedfrom4.35to 3.92by closingthedis-
chargethrottlefarther,theequivalentweightflowisreducedto about
45.2pouudspersecond.Thelowestrotortotal-pressureratiois
obtainedwiththethrottleclose~to thesurgepoint.Thevariationof
total-pressureratiowithbackpressurewillbe discussedina later
section,

.“
Thesametypeof characteristiccurveisobtainedat 107-and

96-perceti~”design‘speed.!llieverticalportl,onofthischaracteristic
ourvewas“notobta~~edatthelowerequivalentspeeds(54,64,75,and
85percentofdesign).Thelowerrotationalspeedshaveverylittle
variationintotal-pressureratio,andasthespeedisdecreasedthere
isan increasingrangeof equivalentweightflow.

Theadiabaticefficiencybasedonthetotal-pressureratioand
temperaturemeasurementsatthedownstreaminstrumentstationandin
theentrancetankisshowninfigure9. The--measuredadiabaticeffi-
ciencywas0.76forthepeaktotal-pressureratioof5.42and101-percent
designspeed.Theadiabaticefficiencyfell.offrapidlyasthethrottle
wasclosed,untilatthestallpoint(total-pressureratio,3.92)the
adiabaticefficiencyhasbeenreducedto 0.66. Theadiabatic-efficiency
curvesat allspeedsareessentiallystraightlinesthatbecomevery
nearlyvertical(smaXlrangeoftotal-pressureratios)atthelower
speeds.A peakadiabaticefficiencyof 0.80at a total-pressureratio
of 2.1wasobtainedat 64-percentequivalentspeed.
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TheaveragedabsolutedischargeMachnumberbehindtherotorand

thecalculatedmeaneffectivedischsrgeflowanglesreplottedforthe
rangeoftotal-pressureratiosinfigures10(a)and10(b),respectively.
An absolutedischargeMachnrmberof 1.84andan averageflowangleof
about56°wereobtainedat 101-percentdesignspeed(openthrottle).
ThedischargeMachnrniberdecreasesandthecalculateddischargeangle
increasesasthetotal-pressureratiodecreases.ThedischargeMachnum-
berisabout1.30andtheflowangleis~out 62°at thestallpoint.
Similarcurvesareobtainedat allotherrotationalspeeds.

Static-pressureprofilealongrotorhousing.- Static-pressure
measurementsalongtheoutsidehousingofthecompressorrotorsreshown
infigure11 astheratioof staticpressureto entrancetotalpressure
for101-percentdesignspeed.Thekeyindicatestheabsoltiedischarge
Machnuniberandthetotal-pressureratioforeachoperatingcondition
shown.At theopen-throttlepoint (I@= 1.76),theratioof discharge
etaticpressureto inletstaticpressureontheouterwallisabout
1.38;whereasthedesignrequirestheihletanddischsrgestaticpres-
suresatthemeanradiustobe approximatelyequal(constantrotorpas-
sagearea).Throttlingresultsin a generalincreasein staticpressure
overtherotorattheoutsidewall(fig.4). Thesestatic-pressurepro-
filesdonotspecificallydeterminethepresence,location,or orienta-
tionof a shockconfigurationontherotor.However,it doesappe=
evenattheopen-throttleconditionthatthereis somecompressionin
theresrportionoftherotor.

Discussion.- Thecharacteristiccurveof thiscompressorrotor
. indicatesa s~ll rangeof equiv~entweightflowsathighsPeeds=This

reductioninweightflowisobtainedneartheclosed-throttlepointwith
highstaticbackpressures(total-pressureratioof 4.6andbelowat
101-percentdesignspeed;seefig.8). At thisconditiontherelative
dischargeMachnumiberis sfisonic.Thetransitionfromsupersonicto
subsonicrelative-ch nuuiberapparentlytakesplaceattheentranceto
therotorpassage,andthussomereductionintheequivalentweightflow
canbe obtainedbeforesurgeoccurs.

ThecharacteristiccurveofthiscompressorrotoralsGindicates
thatthepeaktotal-pressureratiowasobtainedat theopen-throttle
point.As thethrottlewasclosed(increasingbackpressure)thetotal-
pressureratiowasdecreased.Thereasonforthisreductionintotal-
pressureratiocanbe shownwiththevectordiagraninfigure2. The
highdesigntotal-pressureratiowasobtainedwitha highdischsxgewhirl
component%,2 by turningintherotorpassagebeyondtheaxialdirec-

● tion. As thethrottleisclosedandsomediffusionisobtainedon the
rotor,thereisa reductionin MA,which,aftervectoraddition,results
ina decreaseinthedischsrgewhirlcomponentandavailabletotal-
pressureratio.Thisdecreaseinavailable

-

total-pressureratiowith
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therotorisa characteristicof a rotorwith
directionandisoppositetotheeffectof
a rotorwithturningto lessthantheaxialdirec-

—

TheabsolutedischargeMachnmber obtained(fig.10(a))withthis
rebladedrotorwassomewhatlowerthanthedesignvalueof discharge
-Machnuuiber(design2.11,measuredl.84).Alsothestatic-pressurerise
overtherotorhousing(fig.il.)issomewhathigherthanexpected.Thus
itappearsthatsomecompressionwasobtainedontherotor.Thedesign
blade-surfacepressuresoffigure3 indicatetheveryhighloadingin
there= portionoftheblade.Flowseparationinthisregionwould
resultinaneffectiveareacontractionandinreducedrelativevelocity
andabsolutewhirl.In addition,anytotal-pressurelossintherotor
passage(shocklosses),aswellaatheaforementionedseparation,would
contributetothelowdischargeMachnunber.Theprobableflowsepara-
tionscontributetothepoorperformanceoftherotor,andtheresulting
largebladewakescouldbee~ectedtohinderinstrumentationcloseto
therotorandto impedeefficientdiffusion.

T

.-

Theresultsobtainedintheinvestigationofthisrebladedrotor
cannowbe comparedwiththeresultsoftherotorinvestigationofref-
erence2. Themean-lineturningwasincreasedfrom470to 72°. The
total-pressureratiowasincreasedfrom3.6to 5.4. Thisincreasewas
obtainedwithan increaseinabsolutedischargeMachnuniberfrom1.74

—

to 1.84.Therebladingoftherotorresultedina dropinmeasured
adiabaticefficiencyfromabout0.80to 0.76.Thissmalldropinadia-
baticefficiencyindicatesthattheratioof lossesohtherotorto .
rotor-energyadditionis increasedslightly.However,therelative
total-pressurelossesacrosstherotorhaveincreasedconsiderably. .-

-.._—

StageInvestigation
+-

Performance.- Thediffusingstatorspreviouslydescribedwere
installedbehindtherebladedcompressorrotor.Thestagetotal-pressure
ratio,equivp.lentweightflowinFreon-12,adiabaticefficiency,and
dischargeabsoluteMachnumberareshowninfigure12 (datapointsat
whichsupersonicMachnumbersbehindthestatorswereobtainedhavebeen
omitted).Equivalentweightflowinessentiallyconstantat eachspeed,
exceptforthesmallrangeobtainedatthelowrotationalspeeds.At
101-percentdesignspeed,a peaktotal-pressureratioof3.3anda stage
adiabaticefficiencyof approximately0.51wereobtainedwiththedis-
chargeMachnuniberbeingreducedto about0.61. Thestagetot~-press~e . -
ratioandadiabaticefficient(for106-and96-percentdesignspeed)
decreaseasthestagedischargeMachnumberis increasedto 0.75by o~”n-
~ thedischargethrottle.Fromthispoint on, as the throttle is .

openedfarther,thedataindicatea slightincreaseinperformance,For
thelowerrotationalspeeds(85,75,64,and54percentofdesign)the
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total-pressureratioandadiabaticefficiencyexeapproximatelyconstant
up to a Machnuniberof about0.75andfalloffslightlyathigherdis-
chargeMachnunbers.Theperformanceofthecompressorstageislower
thanexpected,andsomeoftheproblemsencounteredwillbe considered
inthefollowingsections.

Effectof statorsonrotoroperation.- Thestatorsseemto impose
a backpressureontherotorandthuspreventitfromoperatingatthe
bestperformancepoint(open-throttlecondition]determinedforthe
rotor-componentinvestigation.Theoperatingconditionoftherotorcan
be obtainedfora partoftheperformancemapby matchingtheequivalent
weightflowforthestage(fig.12(a))tothecorrespondingweightflow
fortherotor-conponentinvestigation(fig.8). Thestageoperatesat
weightflowsnearthelower(surge)limitfortherotorasa sepsrate
componentfor54-and64-percentdesignspeed.For75-and85-percent
designspeedthemeasuredweightflowforthestageisevenlowerthan
thelowerlimitfortherotorasa separatecomponent.Thestageseems
tobe operatingsomewhatabovethesurgeweightflowoftherotorat
96-percentdesignspeed.At thehigherspeedstheequivalentweight
flowseemstobe justaboutequaltothemaximumweightflowforthe
rotoras a sepsratecomponent.(Notethatthesetwofigurescannotbe
compareddirectlyatthehighestspeedbecauseof theslightdifference
in speed.)Becauseoftheverticalcharacteristicoftherotorinthis
region,theoperatingpointoftherotorisnotweld.definedby the
equivalent-weight-flowmeasurement.

Intheregionwherethemeasurementof equivalentweightflowdoes
notcompletelydefinetherotoroperationalpoint,themeasuredinput
equivalentpower (hp/@b N3) basedon themeasuredelectricpowerto
thedrivemotorofthestagewasusedas a meansof comparingstagedata
withrotordata. Infigure13thetotal-pressureratio,theadiabatic
efficiency,andthedischargeMachnuniberfortherotorasa sepsrate
componentandfortherotorandstatorstageat 107-percentdesignspeed
we indicatedovertherangeofequivalenthorsepower.Theequivalent
horsepowerfortherotorcomponentcouldbe variedfromabout1500to
1740.However,forthestageinvestigationwiththesinglerowof dif-
fusingstators,allthedatapointsarebetween1600and1680horsepower.

Forthisstageinvestigation,theopen-throttlepointresultedin
e~ansiontoveryhighMachnumibersthroughthestators(107-percent
designspeed).Increasingthebackpressurereducedthemeasureddis-
chsrgeMachnuuiberto about0.75withoutsffectingtheoperationalpoint
oftherotorasnotedfromtheequivalentpowers.Decreasingthedis-

% chsrgeMachnumberbelow0.75resultsinrotormovementtolowerequiva-
lentpowersandinincreasingst~e total-pressmeratioandadiabatic
efficiency.Thesedataindicatethatinthestageinvestigationthe

. rotorwasnotoperatingatmaximumtotal-pressureratioandadiabatic
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efficiency(fig.13). Curvesdrawnfrom101-and96-percentdesign
speed(notincluded)indicatesimilarregionsof operation;however,the
rotorisfurtherfromitsbestoperatingcondition.Thehightotal.-
preasureratiosandadiabaticefficienciesd therotorobtainedwhen
therotorwasoperatedatopen-throttleconditioncouldnotbe reached
inthestageinvestigation.Surgeoccurred”ata higherweightflowfor
thestagethanforthecompressorrotoras a separatecomponentat
107-percentdesignspeed.Thisfactisapparentlya resultof theoper-
atingchsxacteristicsofthestators.Thestatorsveryseverelylimit
theweightfluwatthelowerrotationalspeedsandthusforcetherotor
to operateatlowlevelsof adiabaticefficiency.

Thediffusingstatorswouldnotallowtherotorto operateat its
peakperformancepoint.Inordertoprotecttherotorfromtheback
pressureor disturbancescausedby thestators,a smallsetof constant-
areastators(describedina previoussection)wasinstalledat a slight
positiveangleof attackbetweentherotorandthediffusingstators.
Theperformanceforthestagewiththeconstant-areastatorsis shown
for107-percentdesigns~eedinfigure13. Thersmgeofequivalent
horsepowersis1680to 1730as comparedwith1600to 1680forthedif-
fusingstatorsalone.ThusItappearsthat.therotorcannowbe operated
somewhatcloser to its peaktotal-pressureratioandadiabatic-efficiency
point.Thestageperformanceforthisconfiguration,however,is
slightlylowerthanforthediffusingstatorsalone.TheincreasedMach
numberenteringthestatorsapparentlyincreasesthediffusionlossesto
suchan extentthattheyoffsetanygainfromtheincreasedrotorper-
formmce.

Statorperformance.- ForstatordischargeMachnumbersbelow0.75,
therotoroperatedovera rangeof conditionsas indicatedinfigure13.
As thestatordischargeMachnuuiberisreduced,therotordischargeMach
nuniber,adiabaticefficiency,andpressureratioalsoreduce.However,
theslightincreaseinstagepressureratioandefficiencyindicates
thattheimprovedstatorperformanceatthereducedentranceMachnum-
bersmorethanoffsetsthereductioninrotorperformance.

Thestatic-pressureprofileoverthestatorsforminimumbackpres-
sure(fig.14,bottomcurve)hasa stator-entranceMachnumberof1.72
andindicatessupersonicflowthroughout.Tabulatedvaluesof discharge
Machnumber,stagetotal-pressureratio,andadiabaticefficiencyare
shownto identifythepointsonfigure13. Themiddlecurve(fig.14)
showsa static-pressureprofilesimilarto ~hatwhichwouldbe expected
witha shockconfiguration$.mtbehindthepassageminimwusectionarea
as designed.Thestatic-pressureprofilefu thispassageat themaxi-
mumbackpressureisshownby thetopcurveoffigure14. Theincrease
instaticpressureat instrumentstation2 maybe causedby pressure
disturbancespropagatedaheadofthestatorbladerowthroughthe
boundarylayer;or itmayexistbeoausethevalueplottedistheaver-
ageoffourdifferenttaps,someofwhichmaybe locatednearstator
passagesthatmaybe operatingathigherstatic-pressurelevels.
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Thepeaktotal-pressurerecoveryacrossthestatorsforeachrota-
tionalspeedandcorrespondingMachnumiberenteringthestatorsis
giveninfigure15forbothstatorconfigurations.Thesedatawere
obtainedby locatingtheoperationalpointofthecompressorrotorby
themethodsdescribedintheprevioussection.Thenthedownstream
measurementsfortherotorasa sepsratecomponentwerecofiinedwith
thedischargeconditionsofthestageinvestigations.It isnotedthat
thepeaktotal-pressurerecoveryfa~s offveryrapidlywithincreasing
entranceMachnumber.Thepeaktotal-pressurerecoveryforthediffus-
ingstatorsat 107-percentdesignspeedwas0.73andoccurredatthe
minimumentrancel+kchmmiberof1.48.Withtheconstant-areastators
instsll.edbetweentherotorandthediffusingstators,theentranceMach
numbertobothsetsof statorswasabout1.8withthetotal-pressure
recoveryof about0.57overbothstatorrows. Allthedatapointsshown
onthisfigurearethepeakrecoveriesobtainedfora particularrota-
tionalspeedandresultindischargeMachnumbersoflessthan0.61.

Therecoveryforthestatorsofthisinvestigationisappreciably
belowthatobtainedwithusualconvergent-divergentsupersonicdiffusers.
However,theentranceconditionsforthestatorswillgenerallyinclude
appreciablehubandtipboundarylayersaswellasmixinglossesdueto
bladewakes,sothatefficientdiffusionbecomesquitedifficult.Also,
forthisinvestigation,thecompressorrotor,throughdesignco~romise,
mayhavea considerableseparatedregionat itstrailingedge. It iS
likelythatthisseparationresultsinunsteadyconditionsenteringthe
statorsandcontributestotheirpoorperformance.

.

Emn4ARYOFKESULTS

Theresultsobtainedfromtheinvestigationofthe16-inchimpulse-
typesupersoniccompressorwithrotorturningpasttheaxialdirection
asa sepsratecomponentandas a stagesresummarizedbelow:

1.Therotorcouldnotbe operatedatthedesignimpulsecondition.
However,itcouldbe operatedcontinuouslyovera widerangeofback
pressuresfromopenthrottleto surge.

2.Therotorproduceda maximumtotal-pressureratioof 5.42andan
adiabaticefficiencyof0.76at 101-percentdesignspeedandminimumback
pressureobtainable.Thehighrotorturningresultedina dischargekhch
numberof1.84anda meancalculatedflowamgleof 56°. A smallrangeof
equivalentweightflowsexistsevenat designspeed.

. 3.Thetheoreticalandexperimentaltotal-pressureratiodecreases
withincreaseddiffusionrelativetotherotorpassageas a resultof
theturningpasttheaxialdirection..
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4.Therotordidnotoperateat itsmaximumtOtd_-Press~eratio___
andadiabaticefficiencyforanyrotationalspeedwhenthediffusing
statorswereinstalled.Verylowequivalentstageweightflowwas
obtainedat lowrotationalspeeds.

5.Smallconstant-sreastatorscouldbe usedtomaketherotor
operatecloserto itsbestperformancepoint.However,thetotalloss
overbothsetsof statorsaypearedto increasewithMachnumber,so
thatthestageperformancedidnotimprove.

6.Themeasuredstage(rotoranddiffusingstators)total-pressure
ratiowas3.3,andthestageadiabaticefficiencywas0.51ata dis-
chargeMachnumberof 0.61at 101-percentdesignspeed. —-

7.Thebeststageperformancewasnotobtainedatthedesignpoint
of statorsbutattheminimumstator-entranceMachrnmiber. ,-

8.Peaktotal-pressurerecoveryoverthestatorsdecreasesrapidly
withincreasedentranceMachnumbers.

9.Thelossesattributedtothestatorsmaybepartlydueto the
mixinglossescausedby rotorbladeseparationarisingfromtheundesti-
ablerotorblade-loadingdistribution.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio

.
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